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Abstract

In this study, a method has been developed that, through
optimized selective withdrawal and release of contaminated
water from lower level of the dam, helps reservoir water
quality improvement and downstream water quality
preservation. In the present study, the two-dimensional model
CE-QUAL-W2 was used to simulate the reservoir water
quality processes. The model was then combined with particle
swarm optimization algorithm. This common simulation-
optimization approach was able to find optimal operation
policies to improve water quality inside and downstream of the
reservoir. In order to increase the efficiency and reduce the
computational time of the model, the reservoir quality
simulation model was replaced with an artificial neural
network model. The performance of the developed
methodology was evaluated for a real case for a 2-year
simulation period. Different scenarios for the reservoir
operation were considered and using the simulation model
(meta model), the concentration of the index pollutant was
calculated and ultimately optimal operation policy of the
reservoir was determined. The results showed that for the
optimal operation policy the average amount of dissolved
oxygen in reservoir outflow was about 25% higher than the
current operating conditions. Also the status of the reservoir
was improved to low eutrophication state in most of the months
in comparison to the existing condition in which the reservoir
eutriphication state is high in some months like June. The
comparison between dissolved oxygen concentrations of the
reservoir outflow in optimum operation policy with the
existing operational conditions showed high efficiency of the
proposed method and its significant effect on improvement of
the reservoir water quality.
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Particle  Swarm  Optimization  Algorithm,  Selective
Withdrawal, CE-QUAL-W?2.

Received: October 25, 2018
Accepted: February 7, 2019

VAN Gl oF 05lond (o2 5L Jlw
Volume 15, No.4, Winter 2020 (IR-WRR)

|
.|I
|

||||
bl
bel
i

\-VY

r|

dgnde Bad b 3o 43 LGl Culild o (g5l diago
ol CodeS

T g (Samwne demwdew 9 T 6 po o ! Sloy Lo ple

oS

sl cuslay 5l ool b a8 conl o 031> druwgs i) cdalllas pl )
Sl e g e S Ll dgste e A 5l il 5
i laanl ludnd ol oS ) lei o S8 Cund il
pbxl CE-QUAL-W2 cas 90 (gilwdnnss Jdo 3l odlainl b o550 )
ol el o oS 5 (sl wiysSI o b el e 355 (0
Slcwle 3 & P8 gileage —@ileand Jlie 3,
sl o Camdipaly 5 o0 5 O eSS sl ot sl pe e
S 9 o0 033 )50 (gildinte i oSl Glgie & SIS A oy oSl
Olyie 4 (sgan ouae 4 Luood Jao S jleluslone oloj tals
Sly 4Bl dsgi (o) 3 )Slas 98 oo oMl (Giludnnd Jro (Kl
ol 03 b)) Ao ¥ it 0,90 Sy (sl oodly 390 Ky
ous 485 Jlai 3 35 1 syl pose sl Job BB iz (slagy sl
oals oY el (iSils Jao) (slodud Joo ) odlizl |
O o ) dine st Gl Cold 3 g 398 dmle
Joloee ps] e (1S0ke jobay a3 o (Ui ol gls 298 o0
29290 Camdy 4y Capd Al ()3 po e ol 13l 40 35 Sl (295
0P 2SO Cundg Cuol 4Bl dgus duo)d TO dgds ¢(gld 500 00
Candy 53 oloys able Wole | (pdm > &5 (Jeb @iy 4 Cod 3
Cundg 3 Jlo sboole puiny )d 9 4Bl dgu )b J,8 L Sl S is
oo st Clale dumlie )5 (0 )8 05 5 bawgte 2S4S
9290 (51200 ) Camdg b (61320 0 Al Sl 3 (55 Sl (295
3 2 ol CudsS dasMo LB 25y 5 53ty gy SV 2
Amde Ui |y e

D atwd i yol ¢ ol S s ¢35 &S o pe L;.I,L(uw

AV/NY :allie cdly G b
ANV e s g,

1- M.Sc. Graduate of Water Recourses Engineering, Department of Water
Resources, Faculty of Civil, Water and Environmental Engineering, Shahid
Beheshti University, Tehran, Iran.

2- Assistant Professor, Faculty of Civil, Water and Environmental Engineering,
Shahid Beheshti  University, Tehran, Iran. Email: a_moridi@sbu.ac.ir
3- Assistant Professor, Faculty of Civil, Water and Environmental Engineering,
Shahid Beheshti University, Tehran, Iran. Email: sa_mousavi@sbu.ac.ir

*- Corresponding Author

Olyes awdige 0uSil («J é;_b.o Cappde g (owdiges byl (cawlids S 4..>9oi Ol -\'
ol ‘Ql)ﬁﬁ ‘M EW oKy oy o 5

Ol sl dared oD ;e 5 Ol (lpes awodige 0l bkl -
Oyl

Ol g dped oGS ;oo g ol Olyes wdige 038l bobusl —Y
oyl

s osiurgs >

ol 3l VWWAR Sl LL b dlie oyl 3590 5> (Discussion) o )bl 5 ¢y


mailto:a_moridi@sbu.ac.ir
mailto:sa_mousavi@sbu.ac.ir

Sl bl 38 oy 1)y &S Slaal (855 jlas 3 b e
pisS) K by & SaSgiel B mas 405 s,
oty Sl (e Sl 900 03 590l S (s3lodingy
39 Cygeo 0 A i gl s S edlatwl yjee  (g)l0 0 540
&g (B85 » L plgie ppw jl 38 ileand Jae S
bl Cawd yigg sl (619 0540 Canlow S &y (2S5 (08 B
Silwand o jl edlizwl b [Kerachin & Karamouz (2007)
S5 Silwdisty rvb,,)giﬂ L "j S 9 0D o3l> gl (Gdm e
S aise )00y Gl «SMST o (2B e Jao (60510
W3S gy (GBS g (o5 Shal Sl Lo ) e
Ol j dis syl 00 sl 59, Dhar & Datta (2008)
claulp CE-QUAL-W2  (giluaus Jao 5 ool L
oSl Sl oozl by 00)S (gilwdnd 1) oliosdsS a0
H32)8 gy ilelay digy polie Sunf LSS gjluaine
Iy ad S dw e ol S i Afshar & Saadatpour (2009)
1 i b Ll 93,5 oy CE-QUAL-W2 (gasyg> Jao b
5 03,5 oy |y ot ) o 41 ($39)9 (ot VT L
olo (ot ) )5 dw (e (S5ly ey Bls, (S
P lFads 8y S8 jied )b Cueal rizes Wl
sl i Sy Rani & Moreira (2010) g 45,5 5
2ol 685 s g 03,3 sy ) Sl 5 (giludinge
sbgby) 535 ol glial 3,5 wyp ly g3 5l )l o e
Jo bolyen &S Jloj ail wre Sl Wlgie (gjlwaine
Ngb oS A Glej 3,09 93 9 Wadee 03 I (siludnd
5l edlazwl L LCastelletti et al. (2013) .wad o 1) gls i
) o3 DYRESM-CAEDYM _iS (gjlodws oo
298 G5k sl Sl el b a0 (ileand
Silwaige 4 L8l fitted Q-iteration (FQI) pb 4 (slawws
oS dad o ol gull Wdged e &S g (oS laal el
Gl Gk 3l Wlge ol Campml g e CurS S
OFe sbaomyd sl catlyyy dlwy @ s )00
Gy L s, S L) Giuliani et al. (2013) 5,5 @)oo
Slaal (i8)5 Jlaiyd b la g 3l e 6l oy Comlows s
DYRESM-) (can; <5 (gjbuodens Jbo ti0l> @l &S o oS
i (Bl gy Su g (9B 6353 piysNl 9 (CAEDYM
o s ad ool dlae ! (gilwdigs Jae jd Slaal
Cusls Gy 3l plojer ysb 4 Ol (&S 5 oS U8 Lol
5 S el by Gkl dnge e 9 )P
&) posee 359l Soleimani et al. (2016) .cuol Cgllas

doddo —)

ool o 55 g G Gy «umas Ay (bl (gladad )
3390 s @by ol sl 02335 o] oy 0dl ST
2 oS Plus )L > o glio (&S PBluw (85 )5 a5
B pim 5 Cusl o (o (e 5l sl pesee 9 (b
e 530y e el e 9 (ol e (S (g3l S 5
gl Ca S g (AS Plas (85 55 o L 5w ]

Sloaly ploal Hlaul

3959 Sl 50 &S cuwl Ll Sais (il 0 gl ML I S
2oy dSls do 5l i My 5 35w & (dke dlge do I iy
o @ & Olgie il (A 1S 4ds slassly 51l
Sy gt oo ST Jgloe ()3T GialS ¢jbre w39
S sbcusgime 5 O adad dine; )3 M Ol g
ol Ko Jlae) o) T35 g slooly 5] o 0,5 o,Lal
oY 5T glole) g o5 3l caslio (S g oS ()0 e
R sb)Kaly el gdie Blge g9 S Car e ()
Sogl e Sosi VT JES 5 o 5 pades & Ol

2,8 o)Ll yi5ee CandVl ol asgs

oy Oede 2l Sais Al LA cuw & Lolge I S
Al &S Sl e il e » Sl sy
Ol CutS pusd Cge 39 0 Dl 3 3 (JBs g Led OS]
Capde calply Sl Joo (e 3 3200 Ol CadS 5 (295
el ety B 5l o5 5l b ypose silodine 5 (&S

ol dy Sl calisee (glavasy jo

Siloded disej > lagingh (dy sl Job o Gl
sl 5 ol b oy a8 buld awyp g ojbke S
Kuo et al, 2006;) sl plol a8 (g5l waui

Gelda & Effler, 2007; Shirangi et al., 2007,
Xu et al., 2012; Fayaed et al., 2013; Deus et al., 2013;
Rangel- Ahmad et al., 2014; Sadeghian et al., 2015;
Peraza et al., 2016; Shourian et al., 2016; Saadatpour and

S 3 ol 3 &S GBlaml o,k L (Heravi, 2016
85 38 4 mar JSB (5l ) e e Jlis (o8 Sl
Slaal (655 )l 53 b 350 1 gyl o e Sty e l )
ool Siledinte —ilodnd 250g) ninen 9 (A 5 (o5
5| ape (o)l po e Cuslw LChaves & Kojiri (2007) .ules S

YA limno s oF 2 jlowd (o333 Jlw ¢ oo O @alio Clisdioes
Volume 15, No. 4, Winter 2020 (IR-WRR)

v



Ol iy cnl 4 8wl oald 1y cilie s IO

3y S o palyd o alw Ol cuas 4 Ly S
.(Saadatpour and Heravi, 2016)

Cuxd ’9 dgupe ).s;o dl.m)lf@l) )’\ uS" dly.e & ¢Ugl.>'c’;.§| auisb)g
O 3l e e csllas Cuslws (yon (piman 5 (e (S
Sy 0 Camlow yund jolaie & cdlllae (pl jd .Canl oas &)
Sloaie g Silwdnd B 3,59, Sl openn (e I dlge
L ) L;Uzm\.l\/ )‘ g'j <Ll>o “9) L;hol )5).@ ol 0 ool
OiSt cdale Gl uiomen g (55 I gde dlge zgy5 Hobate
Carndy doue sb)Kaly jl ufu &S Buns Q;“\ ..\stlg@ Jsle
O (S Cundg dgde Can ) Wbl (e ol SAAS

ol 005 IPey)

b 9 0y o ()5 (b (A4S Ll yd (il glaie 4
N S Sl i 5 S s oo 515 Jaiomo bl
Pl 4 (e (S (sjlwad Jie S jl el ) o8
Sl edae ol gl 5l sl b .cawl 00 o3lizsl CE-QUAL-W2
chle Jlde g9y p e loamy I (9B obp e
Oloj il jslaie dy sl 0l () 2 Wodom )3 5l (295 (G
4 ras &b Lo 03y By, 5l (S Jae (S 5 iludend
sl s ol onds oolatwl a8 (gilwand Jdo piSls lgie
St H8) Coyi jghie 4 & Wia olaJie (ol
I Jeols dgaome cleMbl dcgaze yoluly 0 pusiie M oduzey
Gl Baa Ly o Slubre aujay gileand slads
oy Y e Sl i el

.(Saadatpour and Javaheri, 2017)

A_39_w:’u.o

ey SN by Cwl e Coa 4 s
ol g ras &Sl edlil b (gilwangy —jlodgnd
ol el sleitgy V USE p awl oid I PSO (g ilwaigs

53590 adllaa )Y
b e cpl & ($39)9 Shol bz )b )18 88 30l as

o) 005 1S5 Al g gus 5

b e il lulyd JmS cae e glaage)y jl ae
Al slod g e lod iloand lp lia) WS oy
asbdl 3 55505 okt CE-QUAL-W2 jluads Jio 5l (9,5
005 CE-QUAL-W2 Jao 135l LIBSVM clie o3ls Juto
S ilodinge oSl g 3Rl Jie S5l ekl b
A gasie e slp A (ybpo sy Cuslew eSS
3,505, j edlawl L Saadatpour and Javaheri (2016)
038 gy ) e (S 9 (S Copide (Siludinge —(gilodend
Leo 03l Juo S5l e Jo (g 3,Skae 390 g ol
CE-QUAL-WZ (gjlwand Jao (iRl (lgis 4 (as 450
PSO (siloaiss wiygS g cn iRl Jao 3285 L g 038 03latul
Jols gl 338 oy | o5 5l A ety Conly
Bl ¢y 5e S ot 3 ety gy SVl S ) s

0 3 o e ol silodige (o5 | (Bl cuils
o 3 & den e bg) e Y5l G S @b
Sl 5y50 33 g Slalllas 4> ol 48,5 )13 ool 3)50 axlllas
Slge 2l )3 g Cunl o Co yiaS S p Bl cutls
Fsdn sl 039 ()98 Sllllae (pl ) (y 0 390 yelil
2l o pll i 10 ol S ol (goy oy &S Olelllas
Ts5 52 A5G Grizman e (gloding Jhe 550 pae
O &S Jpad 3 (¥ 5) 0 s saY I e dlge
IR 4295 390 FnS &5 Cusl (Bg) 90 b guaY b
1 oolatul b a8 canl o 00l dawgs gy dllde pl yo Cunl 48,3
Cudlyyy gy Sl edlitel b (izren g (gjldingg —(gilodend 3,50,
OFe S Candg dee )l I S plye 4 Qb
9 9 (s3%e dlge (yialS Ban by ()5 jl Al ()0 500 Ceslw
Slalllas )3 (izmen D9d o pasudie (e 53 (2l S 0T Cundy
shl olej g Cluslrs b (Saomg 5,5 ) pae @dlS
b6 ond Lo lio oyl o ol dogs BB luws §) Voo
5 (ssas e b by e Sl S S
shal gloj g (S e iloand Joo b o iloeniole
Silutinge @yl g (uas aSud Gl D95 02 ials (Jaa
o oy ol zgp lp pSes (&S b e PSO

el (e (S Copde )8l 5l (S &5 NS (o i

o sl g, Y

Ol b bdw (B p dosw elisl (S5908T @l il jials oy
LMl g cuslyy Sl aS g 0 jupo0 (ol cuslyy Il g

YA limno s oF 2 jlowd (o333 Jlw ¢ oo O @alio Clisdioes
Volume 15, No. 4, Winter 2020 (IR-WRR)

v



Initialize particles swarm with random position
and velocity vectors.

'

™ Artificial neural network function

'

Calculate Objective Function and Constraints

Developing and calibration of
the water quality simulation by CE-QUAL-W2 model

'

Run model for different reservoir operation policy

!

Developing data driven model and train it
based on simulation results in previous step

— Particle swarm optimization algorithm

'

Is the Termination Condition Satisfied?

— Update the Velocity and position of particles

Evaluation optimal solution with
the water quality simulation model

Fig. 1- Schematic of the simulation- optimization model based on the meta-model
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Fig. 2- Location of the Seimare Dam in Karkheh watershed
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Table 1- Trophic status classification via USEPA index (1999)
(USEPA, 1999) USEPA ol (wlw!p (2] S 4dad Cordg =Y Joio

Trophic status

Water Quality Parameters

Oligotrophic Mesotrophic Eutrophic
(mg/lit) JS yaus <10 10- 20 >20
Total Phosphorus
(mg/lit) a Lé,,ls <4 4-10 >10
Chlorophyll a
(m) «_si‘" d‘*‘c 4 2-4 <2
Secchi depth
(Elsl 20 )3) Y o5 )5S >80 10 - 80 <10

Hypolimnion dissolved oxygen (% saturation)
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Table 2- Best of Neural Network Architecture for each gate
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Num. Gate  Transfer Function  Layer Neuron RMSE Train RMSE Test
Upper Gate Tansig-Tansig 1 14 0.0046 0.0136
Lower Gate Tansig-Tansig 1 14 0.0048 0.0132
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Fig. 9- Comparing the performance of neural network model with CE-QUAL-W2
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Fig. 10- Verification results of ANN model (a) Upper gate; (b) Lower gate;
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Fig. 11- Release from gate 1 for current policy and optimal solution
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Fig. 12- Release from gate 2 for current policy and optimal solution
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Fig. 13- Dissolved oxygen concentration in gate 1 outflow for current policy and optimal solution
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Fig. 14- Dissolved oxygen concentration in gate 2 outflow for current policy and optimal solution
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Fig. 15- Improved concentration of dissolved oxygen in the reservoir outflow
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Table 3- Eutrophication status based on USEPA index (USEPA 1999)
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Fig. 16- Reservoir water level during simulation for current condition and optimal policy
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